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Abstract 

The complete list of electroweak chiral Lagrangian up to order of for left-right symmetric 
models with a neutral light higgs is provided. The connection of these operators to left and 
right gauge boson mixings and masses is made and their contribution to conventional generalized 
electroweak chiral Lagrangian with a neutral light higgs included in is estimated. 
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Although Standard Model (SM) is proved to be very successful, higgs particle is missing 
in the real world which implies that electroweak symmetry breaking mechanism (EWSBM) 
is still not known. SM provides us a version of EWSBM through higgs boson which suffers 
from triviality and unnaturalness problems. Beyond SM, various new physics models are 
invented which exhibite many alternative EWSBMs. A class of them are models with muti- 
higgs bosons and the common feature of these models is the existence of a light neutral 
higgs boson, this light higgs is responsible for unitarizing the longitudinal electroweak gauge 
boson scattering amplitudes. The most general description of this class of models is a non- 
linear realized chiral Lagrangian with a light higgs included in. This chiral Lagrangian 
is already written down in Ref. [l| and it is formally equivalent to linearized version of 
chiral Lagrangian with higgs and three goldstone bosons which form a complex doublet 
representation of electroweak symmetry. It is the generalization of conventional well-known 
nonlinear version of electroweak chiral Lagrangian (EWCL) by adding in theory a 

neutral higgs and was called extended electroweak chiral Lagrangian (EEWCL) in Ref. |l| 
which offers the most general description of electro-weak interaction with a neutral higgs 
at low energy region. The symmetry realization pattern for EEWCL is SU(2)i^ ® U{1)y — >■ 
f/(l)cm and bosonic fields of the theory involving electroweak interaction are higgs field h, 
photon field A, weak gauge fields W^, and three goldstone bosons which will be eaten 
out to become longitudinal components of W^, and then give them masses due to Higgs 
mechanism. Within EEWCL, new physics models with light higgs at low energy region can 
be parameterized by a set of coefficients, it universally describes all possible electro-weak 
interactions among existing particles and undiscovered neutral light higgs, it offers a model 
independent platform for us to investigate various kinds EWSBMs. 

Except unknown EWSBM, another puzzle of electroweak interaction is due to its chirality, 
the left-right non-symmetric interaction explicitly violate parity symmetry. The beauty of 
the symmetry and past successes of electromagnetic unification and electroweak unification 
driven some of us believe that the underlying elementary interaction should be symmetric 
under parity transformation and then at certain higher energy scale, parity symmetry should 
be recovered. This inspires the idea of spontaneous parity violation (SPV) and people then is 
interested in generalizing conventional electroweak interaction model to left-right symmetric 



models of electroweak interactions 



^. If the interactions responsible for SPV become strong 



at TeV energy region, we are possible to find experiment evidences in next generation high 
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energy colliders and realize joint investigation both on EWSBM and SPV at TeV energy 
region. Admit left-right symmetry requires doubling those particles originally participate left 
hand electroweak interactions. So at least the gauge fields involving electroweak interaction 
are doubled by adding to original left handed W^, and three corresponding goldstone 
bosons with their right handed ones. In this paper we discuss a situation that beyond the 
particles already discovered in past high energy experiments, the lightest new particles are 
a light neutral higgs and right hand W^, Z'^ and their goldstone bosons. All other new 
particles are heavier than right hand W^, Z^. Then below the threshold of these more 
heavier particles, if we want to setup a model independent description for all possible left- 
right symmetric interactions, we are leading to the demand of building a chiral Lagrangian 
for left-right symmetric models. It is the purpose of this work to construct such a Lagrangian. 
This Lagrangian will be the most general and economic low energy description of the various 
left-right-symmetric models for the case that only one neutral higgs is lighter than W^, Z^, 
since all different EWSBMs and SPV mechanisms reside in the parameters of the Lagrangian 
which enable us to evade the details of spontaneous symmetry breaking mechanism. This 
Lagrangian will provide us larger parameter space than any of detail left-right symmetric 
models, it will be more flexible than detail models when we use it to compare with exiting 
experiment data and then to perform more complete test for the possibility of realization 
in nature that all new particles except light higgs are heavier than W^, Z^. Even the 
flnal phenomenological investigations flnd inconsistencies with experiment data, which imply 
there does some extra particles beyond light higgs lighter than W^, Z^, the formalism 
developed in this work is still useful, the only change is that we need to add these extra new 
particles into the Lagrangian. Consider there are two much uncertainties for these extra 
particles, as the flrst step of the model independent investigation, we consider the minimal 
particle content required by left-right symmetry and limit the new particles in this work 
only in the content of light neutral higgs, left and right handed W^, Z^ and their goldstone 
bosons. The possible generalizations will be discussed elsewhere. The symmetry realization 
pattern now is generalized from original SU{2)i^ ® U{1)y — > f/(l)cm to SU{2)i^ ® SU{2)yi ® 
f^(l)B-L SU{2)i^ (g) U{1)y f/(l)cm- The nonlinear realization of this symmetry allows 
us to build up our theory with only one neutral higgs boson. For simplicity, we only discuss 
bosonic part of chiral Lagrangian in this work. 

Let Bfj_, Wl ^, W^^^ be electroweak gauge flelds (a = 1,2,3) and two by two unitary 
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unimodular matrices Ul and Ur be corresponding goldstone boson fields, h be neutral higgs 
field . Under SU (2) l ® SU {2)r (S) f/(l) b-l transformations, higgs field is invariant and other 
fields transform as, 

I^Wt^^ix) ^ e'4s'^^^Tlwt,,ix)e-''^'^^^^ - l-e^^n^^d.e-''^''^^^ . (1) 

Covariant derivative of goldstone fields are 

D^U, = d^U, + zg~W,^^^Ui - igUj-^B^ t = L,R (2) 

Since naive generalization of conventional EWCL building blocks Tj = UiT^Uj and V^^^ = 
{DfjUijU} are not convenient for present discussion, we introduce alternative building blocks 

= l^Vy = 9,Wt,,Y ~ ^'^^tJ^ + '9^[WtJ^, WlJ-] t = L,R. (3) 

Since the higgs field h should develop vacuum expectation value, we count it as order of p° 
in the power counting of the low energy expansion. This imply the lowest order of chiral 
Lagrangian is just the higgs potential 

Co = -Vih) (4) 
the next to leading order of the chiral Lagrangian then is of Lagrangian, 

^2 = lid.hy - \fltT{X,,,X^) - \flir[XR^,n) + \KjdR^A^lX'K) (5) 

+^/3L,i/I[tr(r='X,,,)]2 + ^/3K,i/l[tr(r^X«,,)]2 + ^A/L/i?[tr(r3X,,,)] [tr(r=^XjJ)] 

in which /i, //j, /J^,,!, /^i are all depend on higgs field /i, but not depend on it derivative 
dyh or d^h^ this is because these derivative terms increase the powers of the low energy 
expansion. If we take h inside of ji^ and //j be its vacuum expectation value, the result 
/l and /r take the scales of spontaneous breaking for electroweak symmetry and parity 
respectively. /S/j^i and /3i are corresponding coefficients responsible for order left, right 
and crossing custodial symmetry violating interactions. Note the equations of motion will 
lead (9^tr(r^Xf) = and then in £2, there should be no terms like Cj(/i)(9^/i)tr(r'^Xf ) 



order Lagrangian can be divided into four parts 

Ci = Ck + Cl + Chl + Cr + Chr + Cc (6) 
with kinetic part of order Lagrangian Ck 

Ck = -\wi,.Wr - lw^R,,uWr - \b,.B^'' (7) 
and left(right) part of order Lagrangian without differential of higgs £j, i = L,R 

+a,,5[tr(X2^)]2 + a,,6tr(X,,^X,,,)tr(r3Xf )tr(r3xn + a,,7tr(X2^)[tr(r3X,,,)]2 
+^«i,8[tr(rW,,^,)]2 + za,,9tr(r3TF,,^,)tr(r=^XfXr) + ^«,,io[tr(r3X,,^)tr(r3X,,,)]2 
+«,,ne'^"^^tr(r3X,,^)tr(X,,,W,,pA) + 2a,,i2tr(r=^X,,^)tr(X,,,Wr) 

+ 7«i,i3^7e^'^''"5^.tr(r3TF,,,.) + ^«.,i4e^'^''"tr(r3TF,,^,)tr(rW,,p^) . (8) 
Cuh i = L,R are left (right) part of p'^ order Lagrangian with differential of higgs 

+am,MT^Xt)MT^X,,,)]^ + ^aH.,5tr(r3X,,,)tr(rWr) + tgamfiB^Mr^X,^.) 
+^aH^Mr'Wt'^X,^,)+^aH^MW^X^,u)} + {d,h){d,h)[aHiM'^'XtMT'Xi') 
+am,iotT{XtX^)] + (9^/i)2{«H.,ii[tr(r=^X,,,)]2 + affi,i2tr(XjJ} 
+«ffi,i3(<9;./i)'(9,/i)tr(r3xr) + amMid.hy (9) 

The most complex interaction is the crossing part of order Lagrangian 

Cc = ta29B^Mr^X^X'^) + 2tas,MWL,>.uX^X^R) + 2tasMWR,^uXiXl) 

+2tasMWL,^.uX^X'R) + 2ta^MWR,^.uX^Xl) + a4,itr(Xi,^X,.,,)tr(XjjX]^) 
+a4,2[tr(Xi,^X«,.)]' + a,MXL,,Xn,MKXD + a4,4tr(X,.,^X^,,)tr(X^^X)^) 
+«4,5tr(X«,^Xi,,)tr(X^X^) + a.M^lM^l'^) + «5,2[tr(Xi,^X]^)]2 
+«5,3tr(Xz.,^X^)tr(X2 J + «5,4tr(Xfi,^X£)tr(Xl, J 

+a6,itr(Xz.,^Xz.,.)tr(r=^X^J)tr(r^X)^) + a6,2tr(XH,^X^,,)tr(r=^X^)tr(r3X^) 
+a6,3tr(Xz.,^X^,,)tr(r3X^)tr(r3X]^) + a6,4tr(Xi,^X^,,)tr(r3XjJ)tr(r3X^) 
+a6,5tr(Xi,^X^,,)tr(r3Xj^)tr(r3X)^) + a6,6tr(X^,^Xi,,)tr(r=^X^)tr(r3X^) 
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+a6,7tr(Xi,^Xz.,.)tr(r3x£)tr(r3X^) + a6,8tr(Xfi,^X^,,,)tr(r='X^^)tr(r3X^) 

+arMXL,,X^Mr'XL^,)tT{r'X-^) + a7,4tr(Xi,^XjJ)[tr(r3X^,,)]2 
+a7,5tr(XR,^X£)[tr(r3Xz.,,)]2 + a7,6tr(X|,^)tr(r3X,.,,)tr(r=^X]^) 
+a7jtT{Xl^)tT{T'XR,,)tT{r'Xl) + ^a8tr(rWL,^.)tr(rW^") 
+za9,itr(r='TFL,^,)tr(r3X^JX)^) + za9,2tr(rW«,^,)tr(r3x£X^) 
+^«9,3tr(rWL,^,)tr(r3X^X]^) + ^«9,4tr(rWfi,^,)tr(r3X^X^) 
+ ^«io,i[tr(r3Xi,^)tr(r3X^,,)]2 + ^[a^o,2M'^'XL,f.Mr'X^^)]^ 

+ ^a,oM'^'XL,^)tT{T'X^^)[tTiT'XR^,)]' ^ 
+an^e^''P\TiT'XL,,MXn,uWR,px) + aii,^^^^^ 

+«ii,3e^'^'''tr(r3XL,^)tr(Xi,,W«,,A) + aii,4e^'^'''tr(r3X«,^)tr(Xfi,,ly,.,,A) 
+aii,5e^'^'''tr(r3Xi,^)tr(X^,,Wi,,;,) + an,6e^'^'''tr(r3XR,^)tr(X,.,,TF^,,,) 
+2ai2,itr(r3Xi,^)tr(XR,,W^") + 2ai2,2tr(r3X«,^)tr(Xi,,lFr) 
+2ai2,3tr(r3Xi,^)tr(XL,.TF^') + 2ai2,4tr(r=^XR,^)tr(Xfi,,lFr) 
+2ai2,5tr(r3Xi,^)tr(XR,,Wr) + 2«i2,6tr(r3XH,^)tr(Xi,,TF^'^) 

+ l«^4eA«-p-tr(r=^TFL,^.)tr(r3W«,p.) + (9^/i){«^,,i,itr(r3X^^)tr(XD 
o 

+«H,i,2tr(r=^X^)tr(X2 J + aH,2,itr(r=^X]^)tr(X^Xi,.) 
+aH,2,2tr(r=^X^)tr(X^JX^,,) + aH,3,itr(r3X]^)tr(r3X^X,.,,) 
+aH,3,2tr(r3X^)tr(r3X^XR,,) + aH,4,itr(r3X^)[tr(r3Xz.,.)]2 
+a/f,4,2tr(r3Xj^)tr(r=^X]^)tr(r3XL,.) + a^^,4,3tr(r3x£)tr(r3X)^)tr(r3Xfi,,) 
+«i^,4,4tr(r3X^)tr(r3X^)tr(r3X^,,) + ^«^,,5,itr(r3XR,,)tr(rWr) 
+^«H,5,2tr(r3Xi,,)tr(r3W^'')} + (a^/i)(a,/i)aH,9tr(r3X^)tr(r3X^) 
+ {d,hf(^H,iMr'XL,MT^X''^)] . (10) 

Above interaction terms already include all possible order CP-conserving and CP-violating 
operators and all a coefficients are functions of higgs field h. Left-right symmetry will be ex- 
plicitly realized for the theory if all coefficients with subscript l are equal to their right hand 
partners denoted with subscript r. If they are not equal to each other, the left-right sym- 
metry is spontaneously violated by some underlying dynamics and the differences between 
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left and right coefficients then characterize the strength of left-right symmetry violation . 
Starting from above Lagrangian, we can read out various vertices among electroweak gauge 
bosons which enable us to discuss corresponding physical processes and further continue phe- 
nomenological researches. Theoretically, we can integrate out heavy right hand fields to see 
their effects to ordinary EEWCL coefficients, or we can estimate the size of the coefficients 
from existing models. 

Now we ffist discuss two point vertices for gauge boson fields. Taking unitary gauge 
Ul = Ur = 1 and higgs field be its vacuum expectation value h = v, the CP-conserving part 
of kinetic terms for Wl, Wr and B become 

^x,2 = -\{d,wi, - d^wi^f - \{d,wi, - d^wi^f - \{d,B, - d^s.f 

+ \g{d^B^ - d'B^)[aL,,gL{d,Wl, - d^Wl^) + aR,igR{d,Wl, - d^W^^)] 

+ \aL,s9l{dml'' - d^Wl^n' + \aR,s9l{d>^W'^'' - d^W^R^' 

+ \as9L9R{d^Wl^'' - d''Wi^){d,Wl, - d^Wl^) . (11) 

With convention IV?^ = -^(W^^ ± W~^), take orthogonal rotation V and some scale trans- 
formation to diagonalize the mixing among Wl ^, W^^^, B^ by 
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with orthogonal matrix V and three eigenvalues Ai, A2, A3 satisfy 
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One can check that up to order of p^, the third eigenvalue is A3 = 1 and the ffist and second 
eigenvalues are \± or A=p which are correspond to two phases of the theory 

A± = 1- \(^l,&9l- \(^R,s9r ± [al,i9W + a%i9W + \cilglgR+ ^(aL,8^i-aij,8^^) , (14) 
then kinetic term are normalized to standard form 

Ck,2 = -\{d,wl, - d,wi;){dmi^^ - d^win - \{d,wl^ - b^wI^wWr^'^ - b^Wr^ 

-\{d,Wl^ - Wl^f - \^d,Wl^ - - \{Q,B'^ - duB'^f (15) 
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The mass terms from our chiral Lagrangian can be read out as 



(16) 



Take orthogonal rotation for and as 



cos ^ sin ^ 
— sin ^ cos ^ 



tan 2^ 



'^i^fifRgLgR 

fldl ~ ffidR 



(17) 



and orthogonal rotation V to diagonalize the mixing among Wl ^, W^^, by 



( 
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( z, \ 



kV^MlVk = V 



Ml- 
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0^ 
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-\{.i^+l3i)fLfRgLgR 
\{i-MfWR 



{h,l-l)fL+{K + h)fR 
\PR,l-l)fl&{t, + h)fL 



fR9Rg 
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WL,l-l)fL+{^+Pl)f. 



R 



2 



2 



i/3R,l-l)fI&{^^+(3l)fL 
The mass term then is diagonalized as 

Cm = M'^^W+^W,:^ + M'^^Wt'W^^, + \mIzI + Ul^Zl 



'^fl+'-^pR-{^+Pi)fLfR 



(18) 



with masses 
1 



W2 



M. 



Ml 



[fhl + fhl - ^UWl - fhlf + ^^'flfhlal] ^ -Jhlii - k^)(i 



4' 

^ ' c2 2 , n2 2 , If e2„2 i2 „2 \2 i /f .,2 -P2 j:2 „2 „2 ^ ^ j:2 2 n , ,2 



; fbdh 



2 „2 ^ ' 



(19) 



/|[(l-/5i,i)(l-/3«,i)-(/s: + A)'] 



r 2 2 I 2 2 I 2 2 

M +9l9r + 9l9 



2il-PR,i){gl + g') 

-2aL,i{g]i + 9^)9l9W + ^g^g^aR^i + aLfigl{g\ + g'^f + aR^sgW - "8(^r + 9^)9l9W] 
^[(1 - + - 2^/^/(«: + A) + (1 - /5z.,i)/l(^7i + ^7^)] 

-aL,ig'gl[fl{l - /5l,i) - /l//?(«: + A)] - a«,i(7^^?^[/^(l - Pr,,) - hfR{K + A)] 
+lc^L,8glfl{i - + ^«ii,84/l(i - Pr,i) - ^c^sglglfLfRi^ + Pi) - Ml . 
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where to reduce the length of the formulae, and Mf^ are only accurate up to order 
of fl/ fn- Note all a, P, k and / coefficients appeared in f[T71) and f|T9l) are their values in 
h = V. 

The right hand gauge bosons are expected to be heavy and below their thresholds the 
interactions among remaining left hand gauge bosons should be described by conventional 
EWCL for which the effective interactions will receive the contribution from right hand 
gauge bosons, we can compute these contributions by integrating out right hand gauge 
boson fields. In the following, we make the lowest order estimations by just subtracting out 
right hand gauge boson fields with their classical solution of tree order field equations. This 
treatment ignores the loop contributions and only include in effects from exchanging the 
right hand gauge boson at tree Feynman diagrams. Loop effects usually are suppressed by 
a factor l/lGvr^ and will be discussed in future. 

Before dealing with right hand gauge boson fields, we first handle three right hand gold- 
stone bosons by simply taking unitary gauge Ur = I. Note this unitary gauge can always be 
realized by taking suitable right hand gauge transformations. Then the order equations 

12 12 12 '-i 

of motion for Wj^^^ give solution ignWj^^^ = and equation for W^^^ give solution 

^9rWr,i. = WB^, + 52tr[T^XL,^,] with 

Substitute the solution back to our chiral Lagrangian £2 + '^4; after some algebra, we recover 
standard EEWCL developed in Ref. [3| with expression 

/:iow energy = -V [h) + \{d,hf - -jM^l,,) + ^ A f [tr (r^X,,,)] ^ - \wi^^Wr 

+a^[ii{XL^^XL,,)f + a,[ii{Xl;)f + «6tr(X^,^Xi,.)tr(r=^X£)tr(r3X^) 
+a7tr(Xl_^)[tr(r=^Xi,.)]2 + hj^^Mr^'W L,,u)f + laMr'W L,^,)ii{r^X>lX'i) 

+ ]^ar^[ii{T^XL,,)ii{T'XL,,)f + «ne^"'"tr(r3Xi,^)tr(Xi,,TFL,pA) 

+2ai2tr(r=^Xz.,^)tr(Xi,,lyf ) + -^ai^ge^^'f^B^Mr^W L,p.) 

+ \ai^e^'''''ii{T'WL,^,)ii{T'WL,p.) + (9^/i){aH,itr(r^X^)tr(X|^J 
+«H,2tr(r3X^)tr(X£Xi,,) + aH,3tr(r3X^)tr(r=^X£Xi,,) 

+aH,4tr(r3x£)[tr(r3Xi,,)]2 + laHM'^^'^L^uMrW^L) + igaH^^B^^^tiiT^XL,,) 



+aH,iotr(X^X^)} + (9^/i)'{«//,ii[tr(r3XL,,)]2 + aH,i2tT{Xl,)} 
+aHMdf.h)\d,h)tT{T^Xl) + auMid.hf (21) 

order coefficients expressed in terms of those parameters appeared in £2 as follows 

P = /1(1-3k2), (22) 

n _ + + (2/3i + /^)<52 - 4" - l^^" f^«fR + ^R,i{Wi + -\^^'' 

- 1^3^^ ' 1^3;^^ • ^^^^ 

with parameter 82 = {f^^-2(}^i'f'^ ) ■ Further computations give all p"^ order coefficients of 
EWCL from £2 and £4, 

1 1 

Kb = 1 + (-ttif,! + |aR,8)(l + 262) 

"2 = aL,2 - OiR,i{Si - 262) - aR^si^i - 262) + (52^1 + («3,2 + "9,2) (1 + 5i - 2^2) 

+a3,4(5i + (59,45i , 
"3 = «L,3 + «3,2^1 + «3,3-^ " "3,41— " — j , 

^4 = ttL,4 + a4,5<^l + 4a3,2(5i - ^2) + «9,2(25l - 4^2) " 4a3,25l , 

"5 = "L,5 + "5,4<^1 - 4a3,2(5l - ^2) - tt9,2(25l - 4^2) + 4a3^2<^l , 

6 6 

"6 = "L.e + «4,5(y ~ y) + "6,6^1 + 0^6,7^2 - 4a3,2(5i - 62) - a9,2(25l - 4^2) , 

6 6 

Otl = aL,7 + a5,4(Y ~ + "7,5<^l + "7,652 + 4a3,2(5l - ^2) + «9,2(25i - 4^2) , 
"8 = "L,8 + Ois52 , 

1 6 6 6 

"9 = ttL,9 + a9,3<^l + "9,2^2 - ^"8(251 - 4^2) + a3,2(-5l + ^2) " "3,3"^ + "3,4(y " y) , 

«10 = "L,10 + "6,6(^2 - ^l) + "7,5(52 - 5i) , 

"11 = «L,11 + "11,252 + «ii,55i + (5ii,35l , 

"12 = aL,12 + «12,252 + ai2,55l , 

ai3 = «L,i3 + «fl,i3(5i - ^2) + ai?,i4(5i - ^2) + 4aR,i552 - -ai4(25i - 4^2) 

o 

+2ai5(52 + (^ai4 + 2^15) (1 + 6i - 262) , 
"14 = "L.M + "1452 + 4ai5(-5i + ^2) , (24) 
ttH,i = 52a//,i,i , 
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aH,2 = S2aH,2,l , 

ttH,3 = 52(5^,3,1 + (5/^,5,2 (25l - 4^2) , 
OlH,5 = ttH,5,2'52 , 

«H,6 = S2aHR,5 + gaH,5,2{^ + Si - 282) + gS2aHR,6 + 5215^,5,1 + a//ii,8'^l| , 
'^H,9 = ^2«H,9,1 5 

«_H',4 = O^HJ = OiHfi = «H,10 = = «_ff,12 = , 

where to avoid the lengthy expressions, we ignore terms of order a5'^ and in order 
results. In terms of above results, we can read out corrections to well known parameter S, 
T, U jo] frorngeneral right hand gauge boson fields with help of their relation to ai, ag 
given in Ref.jSj, 

A5 = -167rAai = -167r[aR,i52 + dR^sh + ^a8(l + - 2^2)] , (25) 

1 — 6K'^ 

AU = -levrAag = -167ra852 • (27) 

We see, if right hand gauge boson is much heavier than the left hand ones Jr'^JljS and T 
parameters will receive corrections of —Sirag and [2/5/j^i(2/5i + k)^ — fi;^]/acm(l — Sk^), while 
U parameter will have no correction. In this approximation of ^ fi, for general triple 
vertices among electroweak gauge fields 

^:}^^ = ig]'(W+W-''V'' -W-W+''V'')+iKvW''W-V'''' -glw;lw-{d''V'' + d^V^^ 
9wwv 

+gye^^^\w;:{d,w;) - {d,w;)w;]v^ + ikvw;:w;w" , (28) 

with the relation between anomalous couplings of triple vertices and EWCL coefficients 
given in Ref.j^, we find following constraints for corrections from right hand gauge boson 
fields. 



^gf= ^Kz + -^^K, = ^"^"^^^ f^^^ Agi = Ag! = c'ARz = s'Ak, (29) 



Further, with same approximation, the right hand gauge boson fields contribute to general 
anomalous quartic vertices with 

*2 2 

^£QGv _ A^f{ ^ [W^W+^W-W-'' - iW+W-^f] + 2e*\ot^ ewlW^^Zf^W-Z" 

-W^W-^ZyZ"] + e*^ cot OwW^w;; + W^W;)Z''A' - W^W-^ZyA"]} . (30) 
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In general, we find the contribution of our cliiral Lagrangian for left-right symmetric 
models to EWCL coefficient can be divided into three parts: the first is the primary term 
ai^i which comes from original left hand gauge boson interaction; the second is the term 
independent of 5 and linear in a, only ai, ais receive such kind corrections with values of 
lag) 01^,2+019,2^ |ai4+2ai5 respectively and all other coefficients do not have such kind terms; 
the third term is the term not only linear in a, but also proportional to 5. Since 5 is order 
of ]lI ]r which is a small number when right hand interaction scale is heavier than the left 
hand interaction scale, the third term is smaller in orders than the second term. Although 
due to lack detail information on size of all those parameters in £2 and £4, we can not 
estimate their contributions to EWCL coefficients quantitatively, qualitatively we can judge 
that only ai, ^2, ais receive relatively large contributions of order a from exchanging virtual 
right hand gauge bosons, all other coefficients will only receive much smaller corrections of 
order a * /l///?. 

To summarize, we have set up the most general electroweak chiral Lagrangian for left- 
right symmetric models up to order of and discuss the gauge boson masses and mixings. 
The contributions to conventional EWCL coefficients from right hand gauge boson as virtual 
particle are estimated. 
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